With tremendous biodiversity but increasing threats, Southeast Asia faces challenges in meeting its commitments to the Convention on Biological Diversity's 2020 Aichi Targets. The use of indicators to monitor, evaluate and guide conservation progress is increasingly urgent. We quantified indicator use by 10 Southeast Asian governments in the 4th and 5th national reports submitted to the Convention on Biological Diversity in 2010 and 2015. We found indicator use variable among nations but increasing. Use of quantitative trend indicators doubled from an average of 6-12. There was no change in the number of non-quantitative (mean of 2) or quantitative baseline indicators (those measured once; mean of 9). Indicators most frequently addressed habitat condition and extent, species diversity, protected areas, and agriculture (means of 2-6 indicators each). They were rarely used (mean < 1) to indicate trends in wildlife exploitation, information sharing, climate change, and invasive species. Species diversity indicators increased from the 4th to 5th reports, and there were marginal increases in indicators used for aquatic ecosystems. The results highlight a slow but noticeable increase in the use and quality of indicators in national biodiversity reporting in the region. However, for the region to accelerate progress towards agreed-upon targets of multilateral environmental agreements, a more relevant and diverse set of indicators will need to be employed. Paths to doing so include the use of disaggregated global indicators, increased regional coordination to improve the efficiency and quality of indicator generation, and increased efforts at growing national-level monitoring capacity.
Introduction
Southeast Asia is home to several biodiversity hotspots, each suffering rapid losses of biodiversity (Myers et al., 2000; Sodhi et al., 2004) . Many species occur in Southeast Asia and nowhere else. At least 29,332 plant (approximately 10% of the global total) and 2276 vertebrate (approximately 8% of the global total) species are endemic to the region (Myers et al., 2000) . Due to these high levels of endemism, conservation efforts within the region must succeed to avoid the loss of a significant portion of Earth's biodiversity. Prominent region-wide drivers of biodiversity loss include habitat destruction from anthropogenic land use change (Brooks et al., 2002; Cardillo et al., 2006; Lee and Jetz, 2008; Schipper et al., 2008; Sodhi et al., 2004 Sodhi et al., , 2010a Stuart et al., 2004; Wilcove and Koh, 2010) , illegal wildlife trade (Nijman, 2010; Sodhi et al., 2004) , and over-exploitation of native species (Schipper et al., 2008; Sodhi et al., 2004) . Furthermore, climate change (Bickford et al., 2010; Lee and Jetz, 2008) , invasive species (Peh, 2010) , and pollution all pose additional and cumulative challenges to inland, coastal and marine biodiversity (ACB, 2017; Koh and Sodhi, 2010; Sodhi et al., 2004) .
In response, and to fulfill obligations under the Convention on Biological Diversity (CBD) and other multilateral environmental agreements such as the United Nations Sustainable Development Goals and the Ramsar Convention on Wetlands, governments and civil society organizations are increasing investment in conservation in Southeast Asia. To understand the extent to which these efforts are having an impact, policy makers and conservation practitioners need access to reliable information on baseline biodiversity measures and indicators that measure progress in reducing pressures and improving conservation status (Butchart et al., 2010; Tittensor et al., 2014; Walpole et al., 2009) . Indicators are also key to monitoring progress toward specific goals, such as the CBD's 2020 Aichi Targets (CBD, 2011) . Many Southeast Asian governments either don't have adequate data to underpin indicator development or have not employed the use of the most recent and widely accepted indicator methodologies, leading to shortfalls in the production and use of indicators for target tracking. For example, the volume of biological inventory and conservation biology research in Southeast Asia lags behind many other regions of the world, with most of the research on Southeast Asia being conducted by scientists based outside of the region (Giam and Wilcove, 2012; Webb et al., 2010) . If research is conducted by foreign laboratories, the underlying data often also sit offshore where they are not easily accessible and perhaps not trusted by Southeast Asian governments (Bubb et al., 2011) . Also, local capacity to capture, store and manage monitoring data may not grow if most research is conducted without collaborations with national and/or local research groups.
Recently, increased collaboration efforts among governments have focused on the enhancement of national capacity to generate and report on biodiversity information and monitor conservation impacts. The Association of Southeast Asian Nations (ASEAN) is a major regional political body comprising 10 member states (Brunei Darussalam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines, Singapore, Thailand and Vietnam) formed in 1967 to accelerate the economic growth, social progress and cultural development of the region. ASEAN established the ASEAN Centre for Biodiversity (ACB) in 2005 to strengthen the capacity of ASEAN member states to formulate and coordinate biodiversityrelated policy, strategy and action. Since then, ACB has leveraged and facilitated efforts by ASEAN member states to address biodiversityrelated challenges in the region, including enhancing regional capacity for monitoring progress toward the goals of multilateral environmental agreements. For example, in 2012, ACB co-organized a workshop with the Biodiversity Indicators Partnership, the United Nations (UN) Environment Programme, the UN Environment World Conservation Monitoring Centre, NatureServe, the Biodiversity Conservation Agency of Vietnam, and 31 delegates from 9 Southeast Asian countries to strengthen capacity in the production of indicators as part of the development of each nation's National Biodiversity Strategy and Action Plan (the principal instrument for implementing the CBD at national levels) (Han et al., 2014) . ACB is coordinating its efforts with global initiatives including the Global Biodiversity Information Facility, the Group on Earth Observations Biodiversity Observation Network and its regional network, the Asia-Pacific Biodiversity Observation Network. It has also joined the International Oceanographic Data and Information Exchange (IODE) programme of the International Oceanographic Commission as an IODE Associate Data Unit to ensure that its marine biodiversity data holdings are following global data standards. In addition, ACB established the ASEAN Clearing-House Mechanism to provide ready access to biodiversity information relevant to member states' reporting requirements to multilateral environmental agreements (ACB, 2017) . Aside from ACB's efforts, the CBD Secretariat facilitated 2 workshops with government representatives in the early 2010s to explain the then-new Aichi Targets and corresponding monitoring needs.
To date, no study has evaluated or documented trends in the use of indicators specific to Southeast Asia. Here we ask to what extent have efforts to strengthen capacity for indicator production resulted in improved information about the status and trends of biodiversity? Parties to the CBD are required to report approximately every 5 years on both the actions taken to contribute toward implementation of the Convention and the effectiveness of these actions. These reports represent the highest level of government reporting with regard to implementation of the CBD at the national scale and present an opportunity to study patterns in indicator use. The most recent reports, the 4th and 5th national reports, were submitted in 2010 and 2015, respectively. The Aichi Targets, adopted just after the submission of the 4th national reports, were the first quantifiable targets set through the CBD process, catalyzing global efforts to develop global biodiversity indicators (Tittensor et al., 2014) .
To address our research question, we examined changes in the use of biodiversity indicator information by the governments of ASEAN Member States ( Fig. 1 ; one Southeast Asian country, Timor Leste, is not an ASEAN Member State and is excluded from our analysis) in their 4th and 5th national reports to the CBD. Specifically, we quantified changes in the use of nonquantitative, quantitative baseline, and quantitative trend indicators in the reports, and examined how the number and types of indicators varied across environmental themes. We predicted that if efforts at improving capacity in the use of biodiversity indicators are having success, then (1) the number of indicators used should increase, (2) the proportion of indicators derived from quantitative (baseline and trend) data should increase, and (3) the number of conservation themes addressed by quantitative indicators should increase. We conclude by identifying current data gaps and evaluating prospects for filling them.
Material and methods
We extracted information about indicator use from the 4th and 5th national reports presented to the CBD by ASEAN member states ( Fig. 1 ; reports available at CBD 4th National Report Portal, 2010 and CBD 5th National Report Portal, 2015) . We defined indicators as any descriptive or quantitative metric that was meant to convey information about a biodiversity issue. Some countries reported the trend in gross domestic product and human population as pressures, but we do not count these as specific indicators for this study because they provide contextual information and do not necessarily identify specific threats to or describe the status of biodiversity. In each report, we counted the number of indicators presented, and classified their level of development (Table 1) . In some cases, quantitative baseline or trend data were presented for a region of the country or specific sites instead of the entire country; we categorized these cases as subnational indicators.
We organized the indicators by the 10 themes that align with the drivers of biodiversity loss summarized in the ASEAN Biodiversity Outlook 2 review (ACB, 2017). Each theme represents an important aspect of Southeast Asian biodiversity and relates to one or more Aichi Targets (Table 2 ). In the few situations in which an indicator related to multiple themes, we counted the indicator as relevant to both themes. For example, the indicator 'mangrove forest area change' relates to both the forest and freshwater and marine ecosystem themes. Similarly, the indicator for the numbers of native medicinal plant species was relevant to both the species diversity and forest themes. In these cases, we counted the indicator only once for overall analyses of numbers of indicators. Analyses of numbers of indicators by theme were conducted within themes only such that data independence was not compromised by scoring an indicator as relevant to 2 themes. We compared regional medians of the number of indicators used in 2010 and 2015 by level of development and themes. We used non-parametric Wilcoxon signed-rank tests for comparisons. Because of a relatively small sample size (N ¼ 10 countries), we indicate marginal (0.05 < P 0.1) as well as significant (P 0.05) differences.
Results
Comparing the 4th and 5th national reports, there was a trend toward more comprehensive (i.e., nationwide coverage) and more trend indicators. The number of indicators that covered only a portion of a country decreased to almost none while the use of quantitative trend indicators doubled (Fig. 2) . Meanwhile, the number of nonquantitative descriptive and quantitative baseline variables showed no detectable change (Fig. 2 ). On average, 12 trend indicators (range 1-22) were presented in the 5th national reports. This was an improvement over the 4th national reports in which number of trend indicators varied from 1 to 15, with a regional average of just 6 (Figs. 2 and 3). Overall, 5 countries increased their use of quantitative baseline indicators while 4 decreased and 1 used the same number. Eight countries increased use of quantitative trend indicators whereas 1 country decreased, and 1 country used the same number of trend indicators.
The number of themes measured by at least one baseline indicator (resulting from a single measurement) or at least one trend indicator (compiled from multiple measurements in different years) increased marginally, by one theme on average, from the 2010 to 2015 reports ( Fig. 4) . Among specific themes, the quantity of indicators reported varied from near zero to more than 5 (Fig. 5 ). The number of indicators appeared to increase in all but 2 of the 10 themes, with a statistically significant increase for species diversity and "Others," and borderline statistical significance for freshwater and marine ecosystems ( Fig. 5 ). Some indicators presented in 4th national reports were dropped from the 5th national reports. In fact, the mean number of indicators for agricultural and invasive species themes suffered a net decline (Fig. 5) .
Only a single indicator, species diversity, was reported by every country studied. For this measure, most countries used global IUCN Red List data to report the number of threatened species in different taxonomic groups. Other indicators that are commonly reported by most countries include the extent of protected areas coverage as baseline information and trend in forest cover.
Results of our compilation of indicator data for individual countries are provided in a related Data in Brief article.
Discussion
Our review of the 4th and 5th national reports submitted by the ASEAN Member States reveals that indicator use improved across several categories; however, overall application of indicators remains limited despite available datasets and indicator methodologies that could be applied in the region (e.g., those available via the ASEAN Clearing House Mechanism). The number of indicators depicting temporal trends and the number of environmental themes covered by indicators increased between the two reports. The use of baseline indicators dropped, but this change was due to these converting to trend indicators as data from additional time steps became available. For example, tiger population numbers reported by Malaysia changed from a quantitative baseline to a quantitative trend between the 4th and 5th reports. Not all indicators used in the 4th national reports also appeared in the subsequent report. For example, if the 4th national report presented data from a published study that was not continued, this information typically was not repeated in the 5th national report. In other cases, indicators presented in a 4th national report that were not relevant to one of the Aichi Targets, which were introduced after the completion of the 4th national reports, were not presented in the corresponding 5th national report.
This result is consistent with the notion that regional and global efforts at building capacity for the development and use of biodiversity indicators are achieving some success, although this study cannot assign direct causation. The adoption of the Aichi Targets by the CBD between the 4th and 5th reporting periods may also have contributed to the uptick in trend indicators used in national reports. Further, the results point to several ongoing gaps and opportunities to improve the use of indicators to monitor progress toward goals of multilateral environmental agreements. Because the limited use of indicators in National Reports is not unique to Southeast Asian countries (Bubb et al., 2011) , the lessons derived from this analysis are likely of relevance for other countries and regions facing the challenge of effectively accessing and applying indicators to track and respond to conservation targets. Despite the opportunities for regional coordination provided by the ASEAN framework and ACB specifically for biodiversity conservation, we found little use of regional indicators. Two countries reported on the number of ASEAN Heritage Sites in their 4th national reports, but then did not do so in their subsequent reports. Future cross-border collaboration to fill gaps in indicator availability may be an option for surmounting barriers to indicator development and promoting coordinated policy response.
Both the 4th and 5th national reports included at least one indicator each for 5 of the 10 environmental themes examined (forest, species diversity, aquatic ecosystems, natural area protection and agriculture), representing 11 of the 20 Aichi Targets. Thus, countries have a means of measuring progress toward these Targets. We note that ACB (2017) found that satisfactory progress was being made in the region toward only 2 of the Aichi Targets (Target 11, protected areas, and Target 17, national strategies and action plans) and that poor progress was being made in 7 of the Targets (Targets 4-6, 10, 12-14) ( Fig. 6; ACB, 2017 ). The use of indicators facilitates this sort of assessment, providing the means to determine whether and when actions will begin to have a positive effect on biodiversity. Moreover, 8 of the 9 Targets for which ASEAN member states have not adequately developed indicators 8, 9, 15, 16, 20) are associated with limited implementation (Fig. 6 ; ACB, 2017). Regional or global indicators were available for some of these targets, but national disaggregations were unavailable for some and countries may have been unaware of or unwilling to use those that were available (Han et al., 2017) . Clearly, more indicator development efforts are needed for these Targets to monitor, assess, and guide the outcomes of forthcoming actions undertaken by governments to address these shortcomings. In fact, recent analysis of global progress towards the Aichi targets showed a positive correlation between target measurability and target progress (Green et al., 2019) , strengthening the argument for targets to be effectively measured if progress is to be made. Despite the recent progress in indicator use documented here, several well-known pressures on Southeast Asian biodiversity do not have good quality indicators to support monitoring. As stated above, habitat destruction, wildlife trade, over-exploitation, climate change, invasive species, and pollution are all serious threats to biodiversity in Southeast Asia, yet very few countries in the region have indicators to track any of these pressures other than measures of forest cover. Although all countries examined report on the IUCN Red List status of major taxonomic groups of species inhabiting their countries, none present national Red List Indices of trends in threat status. The Red List Index is a powerful tool for depicting trends in the conservation status of species (Butchart et al., 2004 (Butchart et al., , 2007 , and can be calculated either through analysis of national Red List data (Han et al., 2017) or through disaggregation of global Red List data (Rodrigues et al., 2014) . Increasingly, Red List Index data are becoming readily accessible to facilitate use in national reports (Han et al., 2017; Han et al., 2014; IBAT, 2018) .
As would be expected in such a diverse region, countries varied in the number and identity of indicators reported. National priorities are reflected in some indicators, such as the City Biodiversity Index to monitor urban biodiversity in the small island city-state of Singapore, an indicator of the genetic diversity of agricultural crops in the Philippines, and indicators for pollution and wastewater in Thailand and Vietnam. Overall, more indicators were used to document the state of biodiversity (such as Red List status) and government responses (such as extent of protected areas) than for the specific pressures on biodiversity, thereby limiting the opportunity to guide effective policy that addresses the fundamental issues driving biodiversity loss. Also, indicators were rarely presented in spatially explicit formats such as maps that could identify specific areas where actions are needed. However, in some cases metrics were reported by region or sites within countries. These gaps, together with the wide range in the number of indicators reported (1-22 for trend indicators, and 2-20 for baseline indicators), suggest that capacity to monitor and report on biodiversity indicators varies substantially in the region. The reports rarely mentioned methods used to generate indicators, making it difficult to discern the technical origin of the indicators. Clear evidence of the use of global datasets to generate indicators in the 5th national reports was shown by the use of IUCN Red List (5 reports), Key Biodiversity Areas (KBAs; 3 reports) and RAMSAR sites (2 reports) in indicators presented. Three reports clearly used remote sensing data analyzed by in-country GIS offices to estimate forest cover. Greater capacity in remote sensing may allow countries to better track trends in land use and area of sensitive habitats such as mangroves.
Although governments employ a variety of practices to track progress towards their own targeted conservation and sustainability goals (de Freitas et al., 2019; de Oliveira et al., 2017; Salvati and Carlucci, 2014) , such efforts may not be available for every country across all themes. One option for consideration by countries with limited resources to dedicate toward biodiversity monitoring and indicator development is the use of disaggregated global indicators to fill data gaps until local sources of data become available (Han et al., 2017) . Global data sets have several advantages such as their ready availability and published methods, but they have potential disadvantages too, including lack of local buy-in, re-measurement time frame and methods out of the control of countries that use them, potential incompatibility with future nationally-generated data, and misinterpretation of metrics. Other than IUCN Red List assessments and counts of KBAs and RAMSAR sites, to date Southeast Asian countries have not used global data in their reports. Examples of global indicators to consider for filling these gaps are the Ecological Footprint (Borucke et al., 2013; Galli et al., 2014 ; addresses habitat destruction), Extent of Intact Forests (Potapov et al., 2017; Potapov et al., 2008 ; addresses habitat destruction), Red List Index (Butchart et al., 2007; Butchart et al., 2004 ; addresses wildlife trade and over exploitation), Protected Area Coverage of Key Biodiversity Areas (Butchart et al., 2012 ; addresses habitat destruction, over exploitation), and Carbon Sequestration Potential (Han et al., 2017; addresses climate change) . For coastal countries, 2 global marine indicators could be disaggregated for national reporting on habitat destruction, over exploitation and pollution in these ecosystems: Ocean Health Index (Halpern et al., 2012 (Halpern et al., , 2015 and Cumulative Human Impacts on Marine Ecosystems (Halpern et al., 2015) . To date, no global indicators with data for ASEAN countries are available to monitor the effects that invasive species and climate change have on biodiversity. For some indicators, local data will be needed to calibrate or validate models generated at global scales (Collen et al., 2013) .
Conclusions
Our findings that indicator use by Southeast Asian governments is slowly improving but with considerable room for improvement in both the level of development and thematic breadth of indicators provide several lessons for improving the effective use of indicators to guide conservation investment. First, government offices responsible for monitoring and reporting on progress to the CBD should emphasize the use of quantitative indicators that measure trends over time because these indicators provide the most clarity on how biodiversity is faring. Greater coordination between the agency responsible for reporting and those responsible for managing and measuring activities addressed by the Aichi Targets may help to achieve this goal.
Second, although past investment in improving capacity to use indicators (e.g., Brown et al., 2014; Bubb et al., 2014) appears to have had some success, continuing efforts to improve monitoring and indicator development in the region are clearly needed to fill gaps in national reporting. In fact, the ACB is currently working to adopt the use of global indicators for regional use to monitor resource use conflicts, pollution, and invasive species, and is exploring the possibility of adopting the global Key Biodiversity Area concept (IUCN, 2016) . ACB is collaborating with NatureServe to visualize indicators and incorporate visualizations in the ASEAN Clearing-House Mechanism and potentially the Clearing-House Mechanisms of individual member states to help inform decision making and policy development. Improved use of indicators in the 6th national reports (for which submission is ongoing in 2019) will aid reporting on global progress toward meeting the Aichi Targets via the Global Biodiversity Outlook 5 report that is compiled using information from the 6th national reports among other sources.
Third, cross-border and international exchanges could be beneficial to share best practices and local solutions to regional indicator challenges, and to explore prospects for collaborative indicator development to economize costs. Encouragingly, several ASEAN member states mentioned information sharing in their reports. New tools, such as an indicator visualization dashboard created by the Biodiversity Indicators Partnership (2018; https://www.bipindicators.net), are also providing easier access to national disaggregations of global indicator data. New technologies and techniques for rapid, and automated analysis of large spatiotemporal datasets offer the potential for more automated, standardized and near, real-time generation of indicators and updates to track trends (Allen et al., 2019; Jetz et al., 2019) .
Fourth, a weak underlying scientific infrastructure in much of Southeast Asia (Giam and Wilcove, 2012; Webb et al., 2010) may restrict indicator availability and the underlying data required to produce them (Navarro et al., 2017) . With limited academic research programs to contribute to indicator conceptual development and measurement, governments become largely responsible not only for reporting on indicators but designing and measuring them. Targeted investment in national research institutions could help improve the availability and rigor of suitable biodiversity indicators, albeit over an intermediate to long time scale. In addition, researchers in biodiversity fields of study can help their governments by directing some of their research attention at developing and sharing data on indicators relevant to the Aichi Targets. Further efforts to enhance biodiversity observation efforts would lead to an increase in availability of local data to underpin such indicator generation.
With the year 2020 approaching, Southeast Asian countries will need to rapidly invest more attention to biodiversity indicators if they are to deploy robust suites of indicators to effectively measure progress toward the CBD Aichi Targets by the time that these Targets are meant to be achieved. These efforts will also provide a solid foundation for the region to guide effective and efficient conservation efforts to move towards the goals or targets that will emerge to replace the Aichi Targets after 2020.
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